A rapidly growing body of research suggests that meditation can change brain and cognitive functioning. Yet little is known about the neurochemical mechanisms underlying meditation-related changes in cognition. Here, we investigated the effects of meditation on spontaneous eyeblink rates (sEBR), a noninvasive peripheral correlate of striatal dopamine activity. Previous studies have shown a relationship between sEBR and cognitive functions such as mind wandering, cognitive flexibility, and attention-functions that are also affected by meditation. We therefore expected that long-term meditation practice would alter eyeblink activity. To test this, we recorded baseline sEBR and intereyeblink intervals (IEBI) in long-term meditators (LTM) and meditation-naive participants (MNP). We found that LTM not only blinked less frequently, but also showed a different eyeblink pattern than MNP. This pattern had good to high degree of consistency over three time points. Moreover, we examined the effects of an 8-week course of mindfulness-based stress reduction on sEBR and IEBI, compared to an active control group and a waitlist control group. No effect of short-term meditation practice was found. Finally, we investigated whether different types of meditation differentially alter eyeblink activity by measuring sEBR and IEBI after a full day of two kinds of meditation practices in the LTM. No effect of meditation type was found. Taken together, these findings may suggest either that individual difference in dopaminergic neurotransmission is a self-selection factor for meditation practice, or that long-term, but not short-term meditation practice induces stable changes in baseline striatal dopaminergic functioning.
Within the past few decades, there has been a surge of interest in the effects of mindfulness meditation on brain and cognitive functioning. A common aim of various styles of mindfulness meditations is to intentionally bring one's attention to the internal and external experiences occurring in the present moment, without being caught up in the contents of experience. Mindfulness meditation is often taught through a variety of techniques such as mindful breathing or mindful walking exercises and can be used with various intentions, such as stress reduction, increasing well being, or caring for others (Lutz, Jha, Dunne, & Saron, 2015) . Numerous studies have demonstrated positive effects of mindfulness meditation training on cognitive functions such as resistance to distraction, mind wandering, attentional control, self-regulation, working memory, and impulsivity (Chambers, Lo, & Allen, 2007; Jha, Krompinger, & Baime, 2007; Lattimore, Fisher, & Malinowski, 2011; Lutz et al., 2009; MacLean et al., 2010; Slagter et al., 2007; Tang et al., 2007) . Moreover, brain imaging studies have revealed changes in brain activity and function resulting from contemplative training such as mindfulness (e.g., Dillbeck & Bronson, 1981; Farb et al., 2007; Fox et al., 2014; Gaylord, Orme-Johnson, & Travis, 1989; Goldin & Gross, 2010; Lutz, Brefczynski-Lewis, Johnstone, & Davidson, 2008; Tang, H€ olzel, & Posner, 2015; Travis & Wallace, 1999) . There is also evidence that suggests that these cognitive and neural effects may persist during resting conditions (Lutz, Slagter, Dunne, & Davidson, 2008) . For instance, long-term meditators exhibit a different EEG spectral profile than novices at rest (Lutz, Greischar, Rawlings, Ricard, & Davidson, 2004) .
Although a rapidly growing body of work suggests that meditation can produce changes in brain and cognitive function, very little is known to date about the neurochemical mechanisms that may underlie these effects. Dopamine plays an important role in complex cognitive functions that also have been found to be affected by meditation practice, such as working memory, attention regulation, and cognitive control (Braver & Cohen, 1999; Cools & D'Esposito, 2011; Nieoullon, 2002) . Many studies have found a relation between dopaminergic function and cognitive performance, in humans, nonhuman primates, and rodents (Braver & Cohen, 1999; Cools, 2001; Kehagia, Murray, & Robbins, 2010; M€ uller et al., 2007) . Specifically, this research has associated low striatal dopamine levels with increased cognitive stability (e.g., maintenance of information, resistance to distraction), whereas high striatal dopamine levels are associated with increased cognitive flexibility (e.g., updating of information, attention shifting) (Cools & D'Esposito, 2011; Frank, 2005) . As meditation practice has been associated with changes in both cognitive stability and flexibility, this raises the intriguing possibility that changes in dopaminergic neurotransmission may underlie-at least in part-some of the observed meditationrelated changes in cognitive functioning. Specifically, given that meditation affects both cognitive stability and cognitive flexibility (needed for sustained attention and attentional switching when distractions arise, respectively), it is possible that meditation allows for an optimization of the balance between cognitive stability (reflected by low striatal dopaminergic levels) and flexibility (reflected by high striatal dopaminergic levels), depending on the attentional need moment by moment.
In the current study, we examined the relationship between meditation experience and spontaneous eyeblink rate (sEBR), a marker of striatal dopaminergic activity (Karson, 1983) . sEBR can be obtained by counting the number of eyeblinks per minute under resting conditions, which can be measured using facial electrodes or a video camera. As such, sEBR may provide a relatively inexpensive, noninvasive, and simple measure for assessing the effect of meditation on striatal dopamine. Converging evidence from different lines of research indicates that sEBR is directly related to striatal dopaminergic activity. First, studies in human patients show that disorders characterized by abnormal dopaminergic activity are also associated with altered blinking. For example, blink rates are significantly reduced in Parkinson's disease, a neurological disorder characterized by low striatal dopamine levels (Karson, Burns, LeWitt, Foster, & Newman, 1984) , and enhanced by administration of L-DOPA (Karson, LeWitt, Calne, & Wyatt, 1982) . Blink rates are also altered in schizophrenia; schizophrenic patients display both an elevated sEBR (Mackert, Flechtner, Woyth, & Frick, 1991) and elevated striatal dopamine uptake (Lindstr€ om et al., 1999) . Second, pharmacological studies in both animals and healthy humans show that sEBR is elevated by dopamine agonists and reduced by dopamine antagonists (Cavanagh, Masters, Bath, & Frank, 2014; Elsworth et al., 1991; Jutkiewicz & Bergman, 2004; Kaminer, Powers, Horn, Hui, & Evinger, 2011; Karson, 1988; Kleven & Koek, 1996; Taylor et al., 1999) . It is of note in this regard that Kaminer et al. (2011) found that the temporal organization of spontaneous blinks (measured in frequency and variability) of rats and humans are qualitatively similar, suggesting that sEBR results obtained in rats may be extended to humans. Third, a link between dopamine and sEBR in healthy humans is supported by studies reporting a relationship between cognitive functions known to be dopamine dependent (such as mind wandering, attentional regulation, and cognitive flexibility) and sEBR (Chermahini & Hommel, 2010; Colzato, Slagter, Spap e, & Hommel, 2008; Dreisbach et al., 2005; Holland & Tarlow, 1975; Oh, Han, Peterson, & Jeong, 2012) . Fourth and lastly, a recent positron emission tomography (PET) study in monkeys found a strong correlation between sEBR and D2-like receptor availability in the ventral striatum and caudate nucleus (Groman et al., 2014) . Furthermore, in this study, D2-like receptor availability correlated with D2-like receptor agonist-induced changes in eyeblink rate and the density of D2-like receptors determined in vitro. Thus, convergent evidence from different lines of research indicates that striatal dopamine activity regulates sEBR and that sEBR provides a valid measure of dopaminergic functioning in humans. The location of the spontaneous blink generator circuit is, however, still unknown, although the spinal trigeminal complex may play a direct role in the circuit (Kaminer et al., 2011; Kaminer, Thakur, & Evinger, 2015) . As the basal ganglia regulate spinal trigeminal activity, this would enable dopamine to modify eyeblink rate.
The current study tested the hypothesis that meditation is associated with changes in dopaminergic activity, as indexed by sEBR or the frequency of eyeblinks per minute under resting conditions. To this end, sEBR was recorded at rest in long-term meditators (LTM) and in meditation-na€ ıve practitioners (MNP) before and after an 8-week mindfulness-based stress reduction (MBSR) training. This design allowed examination of the effects of both long-and short-term meditation training on measures of sEBR and intereyeblink interval (IEBI) following three main questions as detailed below.
First, is long-term meditation experience associated with changes in spontaneous eyeblink activity? To this end, we investigated whether any trait differences in eyeblink patterns can be found between LTM and MNP. Here, we hypothesized that mindfulness-related meditation cultivates cognitive skills to maintain a stable monitoring state from moment to moment, while flexibly disengaging attention from distractions or habitual impulses that automatically arise in the mind. Thus, we expected the cognitive state of LTM to be relatively more stable at baseline compared to MNP, and therefore sEBR in LTM to be low for long periods at rest, reflecting mental stability, except during short alternating periods of active cognitive regulation (e.g., in response to a distractor). Specifically, we predicted that LTMs would show overall low sEBR but high variance in IEBI, compared to MNP.
Second, does short-term meditation training change spontaneous eyeblink activity? To this end, we examined whether an 8-week MBSR training leads to changes in sEBR. We specifically predicted that sEBR would decrease after the 8-week MBSR training compared to a nonactive control group as well as an active control group following a similar intervention, but without mindfulness practice. Thus, we expected that, following an MBSR intervention, the eyeblink patterns of MNP would look more similar to the eyeblink patterns of LTM. However, since 8 weeks of contemplative practice is relatively short, we expected that the effect of training on eyeblink activity would be relatively small.
Third, is spontaneous eyeblink activity affected by the kind of meditation most recently practiced in LTM? To this end, we measured the effect of an intensive day of practice in one of two meditation styles (mindfulness and compassion meditations) on sEBR and IEBI in LTM, compared to a waitlist control group having a day of leisure in a controlled laboratory environment. Here, we expected that if spontaneous eyeblink activity indexes trait baseline dopaminergic activity, it should be relatively unaffected by day of practice, regardless of style of practice (i.e., no meditation state effect). In this case, one may expect a decrease in sEBR and an increase in IEBI in LTM, regardless of meditation styles practiced, compared to the waitlist control group.
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Method Participants
Participants provided written informed consent for study procedures that were approved by the UW-Madison Health Sciences Internal Review Board. Meditation-na€ ıve participants were recruited for a study on health and well-being through advertisements in Madison, WI, area newspapers, e-mails, and through postings and discussions with meditation teachers and groups. LTM were recruited in the United States at meditation centers and through related mailing lists, in addition to flyers and advertisements in newspapers. In total, 155 healthy human subjects were recruited, which comprised 124 meditation-na€ ıve participants (MNP; average age 48.1 6 10.7 years, 81 female) and 31 long-term meditators (LTM; average age 50.7 6 10.1 years, 17 female). Meditation recruitment criteria for LTM included at least 3 years of daily meditation practice (at least 30 min per day), and at least three intensive retreats lasting 5 days or more. LTM had an average of 9,154 lifetime hours of meditation practice, ranging from 1,439 to 29,046 total hours. Lifetime hours of practice were calculated based on subjects' reports of their average hours of formal (sitting and walking) meditation practice per week and the total years of practice, including time spent in meditation retreats. All LTM participants were proficient in meditation practices, as taught within the framework of either Theravada or Tibetan Buddhism. These practices included two attention-based meditations, which we referred to as open monitoring (OM) and focusedattention (FA) meditations, as well as one compassion/loving-kindness meditation referred to as Metta meditation. Briefly, FA meditation involves directing and sustaining attention on a selected object (e.g., breathing), detecting mind wandering and distractors (e.g., thoughts) as well as disengagement of attention from distractors, and shifting of the focus of attention back to the selected object. By contrast, OM meditation has no explicit focus of attention, but rather requires nonreactive meta cognitive monitoring of anything that is experienced, thus replacing the "effortful" selection of an object as primary focus with an "effortless" sustained awareness of the rich features of each experience (Lutz, Slagter et al., 2008) . The practice of compassion/loving-kindness meditation is a form of concentration practice where the practitioner focuses his/her mind on the suffering of oneself or others and then on the wish that the individual(s) in question may be happy and free from suffering.
All MNP participants were screened, and criteria for exclusion included significant previous experience with meditation or other mind-body techniques (e.g., tai-chi, Qigong), remarkable exercise habits (engagement in moderate sport or recreational activities > 5 h per week; engagement in vigorous sport or recreational activities > 4 h per week), and inability to walk. Criteria for exclusion for all participants included use of psychotropic or steroid drugs, night-shift work, diabetes, peripheral vascular disease or other diseases affecting circulation, needle phobia, pregnancy, current smoking habit, alcohol or drug dependency, and inability to attend weekly class and full-day group sessions.
MNP participants were scheduled into three cohorts. In each cohort, they were randomized into three groups by a logistical staff member through a random-number generator: an 8-week mindfulness-based stress reduction (MBSR) class, an 8-week health enhancement program (HEP) as an active control group, or a nointervention waiting list control group (WL).
Study Design and Interventions
In LTM, spontaneous eyeblink activity was measured three times during resting conditions (Time 1, Time 2, and Time 3). The first measure was taken after a regular day, and the second and third time after a day of either mindfulness or compassion meditation (order randomized across participants; see below). In MNP, spontaneous eyeblink activity was measured two or three times. Eyeblink activity was measured twice in MBSR and HEP participants, once before (Time 1) and once after their respective intervention (Time 2). Eyeblink activity was also assessed at these time points in the WL and, in addition, in a subgroup of WL at a third time point after a day of leisure (see below). An overview of the study design as well as numbers of participants completing each time point are documented in Figure 1 .
MBSR training consists of continuous focused attention on the breath, bodily sensations, and mental content while in seated postures, walking, and yoga (Kabat-Zinn, 1990 ). This program can be conceptualized as incorporating OM-related meditations with FArelated meditations.
In order to isolate mindfulness as the agent of change, we designed an active comparison intervention to control for the aspects of MBSR that are known to promote positive outcomes but are not specific to mindfulness, such as a supportive group atmosphere, expert instruction, and engaging in activities that are believed to provide benefit. Our active comparison condition-the HEP-matched MBSR in structure, instructor expertise, and content (see MacCoon et al., 2012 , for more detailed information). Like MBSR, HEP consisted of four components: (1) physical activity (e.g., walking); (2) balance, agility, and core strength; (3) nutritional education; and (4) music therapy. Each of these components was chosen to match the collateral benefits that MBSR may produce that are not unique to mindfulness. For example, physical activity with a focus on walking was selected to control for the physical benefits of walking meditation. Each component was delivered by an expert in the respective practice, over eight weekly 2.5-h sessions and one full-day session. Like those participating in MBSR training, HEP participants were assigned 45 to 60 min of daily at-home practice.
LTMs were not assigned to an intervention. Instead, they and a subgroup of WL controls, matched to LTMs for age and gender, engaged in similar laboratory procedures and participated in a third assessment (Time 3) that occurred approximately 10 weeks after Time 2. In addition to the laboratory procedures that MNPs completed, the LTMs participated in either an 8-h day of mindfulness practice, as taught in the Vipassana or Insight tradition (Goldstein, 2003) , or a day of compassion meditation (short for lovingkindness and compassion meditation, or also traditionally called Metta meditation) at Time 2 (and the other day of practice type at Time 3). Over the course of Time 2 and Time 3, each LTM underwent both mindfulness and compassion training. For logistical reasons, at Time 2 some LTMs underwent the mindfulness day of practice (DOP; n 5 18) while the rest (n 5 9) underwent the compassion DOP; at Time 3, the condition for each participant was reversed. Meanwhile, the matched WL controls participated in a day of relaxation that matched the LTM day of practice for activity and length. The 2 days of practice closely reproduced the structure of a meditation retreat. Six 45-min sessions of sitting meditation, three in the morning, three in the afternoon, were separated by four 30-min sessions of walking meditation. The first 45-min sitting meditation session began at 8:15 am with a short, guided meditation. The morning and afternoon sessions were separated by a 1-h lunch break, followed by a 30-min meditation and inspirational audio talk. The order of mindfulness and compassion meditation sessions was randomized across participants. Two subjects didn't complete the mindfulness meditation session, and their data were excluded from the analyses.
Baseline Eyeblink Recording
Spontaneous eyeblink rates are affected by the time of day (Barbato et al., 2000) . Data were collected around 7 pm for all participants at every time point, ensuring that differences in the time of data collection could not contribute to any observed difference in eyeblink activity. Baseline sEBR was extracted from highdensity, 256-channel EEG data that was collected during a 10-min baseline EEG recording preceding a fear-conditioning task. Participants were seated in front of a computer screen. During the first 2 min and last 2 min of the baseline recording, participants were instructed to keep their eyes closed. During the 6 min in between these periods, participants were instructed to keep their eyes open while looking at a cross in the middle of a fixation screen. No explicit instruction was given about blinking behavior to insure its spontaneity. Eyeblink data were extracted from the 6-min baseline recording with eyes open. Artifacts and bad channels (i.e., channels with high impedance/poor contact with the scalp) were removed from the raw EEG data using EEGLAB, and a low-pass filter of 100 Hz was applied before data analysis.
After performing an independent component analysis (ICA) in MATLAB, maximally independent ICA components were selected based on the presence of eyeblink activity, its temporal activity, and its frontal distribution. Based on the time points of the individual eyeblinks, sEBR per minute was computed as well as different IEBI variables, including average, variance, standard deviation, maximum, and median of the IEBI distribution, replicating the eyeblink measures used by Doughty and colleagues (Doughty, 2002) .
The vertical eyeblink power spectrum is concentrated in the range 0.5 to 3 Hz. There, the power of blinks is in the order of 10 times larger in amplitude than the average cortical signals, and lasts for approximately 300 ms (Nazarpour, Wongsawat, Sanei, Chambers, & Oraintara, 2008) . These particular characteristics enable reliable statistical separation of eyeblink-related signals from brainrelated or EMG-related signal from the EEG signals. The Figure 2 . Meditation-related trait effect on eyeblink activity: Cross-sectional group comparison of spontaneous eyeblink rate (sEBR) per minute and intereyeblink interval (IEBI) average, SD, and maximum between long-term meditators (LTM) and meditation-na€ ıve practitioners (MNP) during 6 min of baseline recording (preintervention). LTM showed lower sEBR and higher IEBI-related measures than MNP. **p < .01; ***p < .001. For effect sizes, see Table 1 .
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amplitude threshold for peak detection was verified manually for every participant and manually adapted if needed to assure correct quantification of eyeblink rates.
Statistics
Normality of the distribution of the data was verified using a Shapiro-Wilk test for normality, and outliers were removed from the sample before analysis (studentized residual > 3). In order to address our first question of whether long-term meditation is associated with changes in eyeblink activity, we evaluated the difference in eyeblink activity (sEBR and IEBI) between LTM and MNP (combined HEP, MBSR, and WL, preintervention) using independent t tests. We also explored if any observed differences in sEBR and IEBI in LTM are caused by differences in total lifetime hours of practice of LTM, while accounting for the effect of age, using an analysis of covariance (ANCOVA). To address our second question of whether short-term meditation induces changes in eyeblink activity, we examined if eyeblink activity changed after the MBSR intervention in the MNP group using a repeated measures analysis of variance (ANOVA) with time (Time 2 vs. Time 1) as a withinsubject factor and group (MBSR vs. HEP vs. WLC) as a betweensubjects factor. To answer our third question as to whether eyeblink activity is affected by the kind of meditation just practiced, we assessed the effect of a day of compassion or mindfulness practice on sEBR and IEBI using a 3 3 2 repeated measures ANOVA with condition as within-subject factor (preintervention Time 1, compassion DOP, mindfulness DOP) and group as between-subjects factor (LTM vs. WL). For all analyses of differences in IEBI, sEBR was regressed out, since sEBR and IEBI are shown to be interdependent (Doughty, 2002) . Statistical significance was assumed if the null hypothesis could be rejected at the p 5 .05 level. Confounding factors, including age, gender, positive affect, and contact lens wear were taken into account in the analyses. For example, eyeblink activity can be affected by age, with progressive increments during childhood and adolescence (Bacher & Smotherman, 2004; Bentivoglio et al., 1997; Sforza, Rango, Galante, Bresolin, & Ferrario, 2008) . Although evidence about effect of gender on sEBR is not consistent (Bentivoglio et al., 1997; Chen, Chiang, Hsu, & Liu, 2003; Declerck, Boone, & De Brabander, 2006; Deuschl & Goddemeier, 1998; Doughty, 2002; Sforza et al., 2008) , statistical analysis was performed to rule out a possible gender-related confound. All statistical analyses were performed using SPSS for Windows 21.0 (SPSS Inc.) and R Version 1.35-dev (http://www.rproject.org/).
Results

Trait Effect-Preintervention (Time 1) Difference in Eyeblink Activity LTM Versus MNP
Our first prediction was that LTM would show lower sEBR and higher IEBI variance compared to MNP at Time 1, before any intervention. In other words, we expected that long-term meditators would not only blink less frequently than MNP, but also that the blinks would be distributed in a different way, with longer periods without eyeblinks, interrupted by short periods of frequent blinks. Indeed, a one-way ANOVA showed that the sEBR of LTM during baseline recording was significantly lower than MNP's sEBR, F(1,146) 5 8.1, p < .01 (Figure 2 ). In addition, highly significant differences were found in IEBI average, F(1,131) 5 17.6, p < .001, standard deviation, F(1,127) 5 18.0, p < .001, and maximum, F(1,140) 5 19.9, p < .001 (Figure 2 ). Since meditation-na€ ıve participants were randomly assigned to the HEP, MBSR, and WL group, no difference was expected between the MNP participants in the different groups at Time 1, before any intervention had taken place. This assumption was confirmed with a one-way ANOVA for sEBR, F(2,112) 5 .70, p 5 .51, and IEBI average, F(2,98) 5 0.3, p 5 .77, standard deviation, F(2,94) 5 .60, p 5 .57), and maximum, F(2,103) 5 1.60, p 5 .20. For effect sizes, see Table 1 .
Short-Term Meditation Training Effect-MNP Before and After MBSR/HEP Intervention
In order to assess whether MBSR training had an effect on sEBR and/or IEBI, a two-way repeated measures ANOVA was performed, with time as within-subject factor (preintervention Time 1 vs. post-intervention Time 2) and group as between-subjects factor (WL, HEP, MBSR). As noted above, the three MNP groups did not significantly differ in EBR or IEBI at Time 1 (p > .20). No significant difference between groups was found in the change in sEBR over time, Wilks's lambda 5 .98, F(1,59) 5 .50, p 5 .33 (Figure 3 ). In addition, no significant differences between groups were found in the change over time in IEBI average (Wilks's lambda 5 .99, F(1,47) 5 0.10, p 5 0.78), IEBI standard deviation (Wilks's lambda 5 .99, F(1,38) 5 .17, p 5 .68), or IEBI maximum (Wilks's lambda 5 .98, F(1,44) 5 1.00, p 5 .32) (Figure 3) . For effect sizes, see Table 2 .
DOP, Mindfulness, and Compassion
Our third research question was whether an intensive day of two types of meditation practice would have an effect on the sEBR and IEBI of LTM, compared to a waitlist control group having a day of leisure in a controlled laboratory environment. A two-way repeated measures ANOVA was performed, with condition as withinsubject factor (preintervention Time 1, compassion DOP, mindfulness DOP) and group as between-subjects factor (LTM vs. WL). A significant effect of group was found, reflecting lower sEBR in LTM compared to WL, F(1,54) 5 6.8, p 5 .01 (Figure 4) . However, no significant Condition 3 Group interaction was found for baseline sEBR, Wilks's lambda 5 .95, F(2,53) 5 1.5, p 5 .23, indicating that LTM displayed reduced blink rates regardless of meditation practiced on the DOP. Indeed, as can be seen in Figure 4 , LTM displayed consistently lower sEBR than WL controls at all three time points. Overall, a good degree of consistency was observed over the three time points for all the eyeblink variables, for both the LTM and MNP group. For the MNP group, Cronbach's alpha values for sEBR, IEBI average, IEBI standard deviation, and IEBI maximum were a 5 0.79, 0.71, 0.83, and 0.69, respectively. For LTM, Cronbach's alpha values were a 5 0.85, 0.69, 0.77, and 0.69, respectively.
As can be seen in Figure 5 , average and median IEBI were generally longer in LTM compared to WL [main effect group; respectively, F(1,40) 5 3.70, p 5 .06) (trend), F(1,40) 5 5.20, p 5 .03)] and more variable as indexed by larger IEBI standard deviation, F(1,40) 5 4.30, p 5 .04. In addition, meditation condition affected this meditation-related increase in IEBI standard deviation (Condition 3 Group interaction for standard deviation; Wilks's lambda 5 .87, F(2,44) 5 3.20, p 5 .04). Other IEBI variables were not affected by DOP meditation type. A post hoc paired sample t test was conducted to evaluate whether IEBI standard deviation was affected differently by a full day of compassion or mindfulness meditation, when compared to Time 1. Post hoc paired sampled t test did not reveal a significant difference across sessions for each group, suggesting that this interaction was not specific (Figure 5 ). WL controls did not differ across sessions (p > .05).
Lifetime Hours of Practice
While LTM displayed a differential pattern of eyeblink activity, an 8-week MBSR intervention did not affect spontaneous eyeblink activity, which may suggest that some amount of meditation Figure 4 . Training effect of an intensive day of meditation on spontaneous eyeblink rate (sEBR): Effect on sEBR per minute after a day of compassion or mindfulness practice for long-term meditators (LTM) compared to waitlist control tested after a day of leisure. sEBR per minute after the day of compassion/mindfulness compared to the baseline sEBR in Time 1 (T1), preintervention. There was no training effect for LTM, but LTM displayed reduced blink rates regardless of meditation practiced after the day of practice. **p < .01. Figure 5 . Training effect of an intensive day of meditation on intereyeblink interval (IEBI): Baseline IEBI (average, standard deviation, and maximum) after a day of compassion or mindfulness meditation for Long Term Meditators (LTM) (Time 2 and 3), compared to waitlist (WL) controls that were tested after a day of leisure, and compared to pre-intervention Time 1.
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practice is necessary to induce stable changes in baseline striatal dopaminergic functioning. To explore the relationship between the amount of meditation experience and spontaneous eyeblink activity, a regression analysis was conducted to investigate whether sEBR and/or IEBI at Time 1 were dependent on the total number of hours of contemplative practice that LTM had completed before Time 1 measurements. Hours of daily practice, days of retreat, and expertise in various types of mediation (hours of Vipassana, meditation, focused attention meditation, and loving-kindness and compassion meditation) were taken into account, that is, after regressing out age as a confounding factor. No significant effect of either of the measures of hours of practice was correlated with sEBR or IEBI. Curve-fitting models did not reveal any nonlinear relationship between these two variables.
Verification of Potential Confounding Factors
Spontaneous eyeblink rate can be influenced by age, gender, and eyewear (contact lenses in particular) (Bacher & Smotherman, 2004; Barbato et al., 2000; Bentivoglio et al., 1997; Chen et al., 2003; Sforza et al., 2008 ). An ANCOVA was performed in order to assess the effect of age on the sEBR difference, and showed that age did not significantly contribute to the found differences in eyeblink activity, F(1,59) 5 .90, p 5 .35. The ANCOVA also ruled out an effect of gender on sEBR, F(1,57) 5 1.20, p 5 .28. All reported significant effects still remained significant after regressing out age and gender (p < .05). In order to exclude the possibility that the results might be affected by contact lens wear, a one-way ANOVA was performed, comparing contact-wearing to noncontact-wearing participants. No effect of contact lens wear on sEBR was observed, F(2,143) 5 .50, p 5 .59.
Discussion
This study examined whether meditation practice can influence spontaneous eyeblink activity, a noninvasive peripheral measure that in part reflects striatal dopamine activity (e.g., Groman et al., 2014) . We examined if eyeblink activity differs between long-term meditation practitioners and meditation-na€ ıve participants. In addition, we investigated whether sEBR and IEBI are affected by an 8-week mindfulness-based stress reduction course for MNP and a full day of compassion or mindfulness meditation. There were three main findings. First, at Time 1, before any intervention, a significant difference was found between LTM and MNP in measures of sEBR and IEBI. Interestingly, not only did LTM blink significantly less frequently, their blinks were also distributed differently over time compared to MNP. Whereas MNP showed a very regular blinking pattern, with little variance in the duration of the IEBI, LTM showed a large variance in IEBI duration, indicating long periods without blinks interrupted by brief periods with a high blinking frequency. These findings add to a growing body of studies indicating that meditation expertise is correlated to altered physiology. Considering the converging evidence supporting the relationship between sEBR and striatal dopaminergic functioning, this work supports the hypothesis that meditation might affect measures that reflect striatal dopaminergic activity. Our second main finding was that an 8-week meditation intervention did not alter eyeblink activity. This may indicate that more meditation practice is necessary to alter eyeblinking and, presumably, striatal dopaminergic activity. Prior work has demonstrated cognitive effects of an 8-week MBSR intervention, although these effects are typically small and sometimes absent when compared to active control interventions (MacCoon, MacLean, Davidson, Saron, & Lutz, 2014; Moynihan et al., 2013; Sedlmeier et al., 2012) . The lack of an effect on sEBR by the 8-week intervention is thus not necessarily surprising, but certainly calls for follow-up research examining the effects of meditation interventions, preferably of longer duration, on both eyeblinking and cognitive functioning. Third, and lastly, blink rates were unaffected by the type of meditation that was practiced during the day before the recording, supporting the notion that the observed differences in eyeblink activity between long-term meditators (LTM) and meditation-na€ ıve practitioners (MNP) reflect trait differences. Below, these findings are each discussed in more detail.
LTM blinked much less on average than MNP. As low blink rates are associated with a state of cognitive stability (Dreisbach et al., 2005; M€ uller et al., 2007) , the observed reduction in sEBR might indicate that the baseline state of LTM is one of cognitive stability, at least when measured in our setting (i.e., quietly sitting in front of a monitor). In addition, blink patterns in LTM were characterized by longer periods without blinks, interrupted by short periods of blinking. MNP, on the other hand, displayed a more regular blinking pattern. It is unclear what this difference in blinking activity over time might reflect, as no studies have examined the relationship between IEBI measures and cognitive abilities. Based on the known positive relationship between EBR and cognitive flexibility, mind wandering, and distractibility (Chermahini & Hommel, 2010; Dreisbach et al., 2005; M€ uller et al., 2007; Oh et al., 2012) , it is possible that a higher IEBI variance indicates an alternation between stable and flexible states. In meditative practice, although stability (i.e., attentional focus and resistance to distraction) is required to remain in an attentive state, flexibility (i.e., attention switching and flexible updating in response to novel information) is equally required in order to return to the stable state if a distractor, such as mind wandering, arises. Indeed, a growing body of research indicates that meditation practice can improve performance on measures of both cognitive stability (Lutz et al., 2009 ) and flexibility (Moore & Malinowski, 2009 ). The observed consistent difference in IEBI between LTM and nonmeditators over the three different time points suggests that the relationship between IEBI and cognitive and/or dopaminergic functioning should be explored further.
Of note, Doughty (2002) showed that spontaneous eyeblink patterns can differ substantially between healthy individuals, even under a single experimental condition, and can be categorized into three types of eyeblink patterns, by taking both sEBR and IEBI into account. One of these blink patterns, named the irregular eyeblink pattern, is characterized by low sEBR and high IEBI mean and variance, and is notably similar to the eyeblink pattern that the LTM in the present study displayed. Yet LTM show a much larger variance of IEBI (SD 5 8.7) compared to Doughty's participants (SD 5 2.5). This may suggest that the eyeblink pattern found in LTM is truly unique and is usually not found in a normal, healthy, nonmeditating population. The behavioral significance of this pattern, for instance in regard to mind wandering, requires further study.
Baseline sEBR and IEBI were not significantly affected by 8 weeks of MBSR training compared to an active control intervention and a waitlist control group. It is possible that 8 weeks of mindfulness practice is not sufficient to measurably affect dopaminergic levels, at least as reflected in eyeblink rates. This is consistent with the findings that a 3-month intensive meditation training (MacLean et al., 2010) but not an 8-week MBSR intervention (MacCoon et al., 2014) improves performance on the same sustained attention task. PET imaging might provide a more sensitive Meditation and spontaneous eyeblinksmethod for observing neurochemical effects of short-term training; a 6-week computerized training of cognitive updating has been shown to alter dopaminergic activity as measured using PET (B€ ackman et al., 2011; Dahlin, Neely, Larsson, B€ ackman, & Nyberg, 2008; McNab et al., 2009 ). To our knowledge, only one study has demonstrated that contemplative practice significantly alters striatal dopaminergic activity: Kjaer and colleagues (2002) showed with PET imaging that meditation (in this case, yoga Nidra meditation) increased (ventral) striatal dopamine release, which correlated with increased theta activity measured at the scalp.
In post hoc analyses, we did not find a positive correlation between total hours of lifetime practice of long-term meditators and sEBR or any of the IEBI variables. Since no difference in eyeblink patterns were found after 8 weeks of meditation practice (which does not qualify yet as long-term practice), but a highly significant and consistent difference was found between meditationna€ ıve participants and long-term practitioners, the relationship between amounts of meditation practice and eyeblink rate may not be linear. This would be consistent with a study showing a nonlinear but dose-dependent effect of hours of meditation expertise in long-term meditators (Brefczynski-Lewis, Lutz, Schaefer, Levinson, & Davidson, 2007) . However, contradicting this hypothesis, we did not find a nonlinear dose response between total lifetime hours of meditation practice and sEBR nor between total lifetime hours of meditation practice and IEBI in experts.
Since no correlation between hours of practice of LTM and eyeblink activity was found, nor an effect of MBSR training, it is also possible that the reported difference in eyeblink patterns is driven by a factor that is not related to meditation expertise. For example, individual differences in dopaminergic neurotransmission may comprise a self-selection factor for meditation practice. More research is needed to investigate what other possible factors unique to long-term meditators could affect eyeblink activity, and to confirm that it is indeed meditation practice that causes the reported difference in eyeblink patterns between LTM and MNP. It would also be informative if meditators with a wider range of meditation expertise, covering the full range of experience from no experience to > 10,000 hours, are included in future studies. In the current study, LTM had a minimum of 1,439 hours of meditation experience.
No effect of meditation type (mindfulness and compassion) was found in LTM after the day of practice. We did find an interaction between group and condition for the IEBI standard deviation measure, but this interaction was not specific to the type of meditation. This lack of specificity is consistent with the hypothesis that sEBR and IEBI reflect trait baseline dopaminergic activity.
Overall, a good to high degree of consistency was observed over the three time points for all the eyeblink variables for both the LTM and MNP groups. This finding is important since a growing number of studies use sEBR to index baseline striatal dopaminergic activity, and the high consistency across time observed in the present study indicates that sEBR indeed provides a relatively stable measure at the individual level. The average eyeblink rate per minute found in the present study (14.9, taken over all time points and groups) is higher than the mean eyeblink rate per minute found by Doughty (ranging from 7.5-12.3 eyeblinks per minute, across all eyeblink pattern categories), but similar to what many other studies have reported (e.g., 17.6/min in Kaminer et al., 2011; 15.2/min in Slagter, Georgopoulou, & Frank, 2015) . It has been demonstrated that sEBR is significantly affected by the time of day, and rises after 5 pm. In a study performed by Barbato et al. (2000) , mean baseline sEBR between 10:00 am and 5:00 pm varied between 11-13 blinks per minute, whereas the sEBR was found to be around 16 blinks per minute at 8:30 pm. In the current study, all baseline recordings were performed around 7:00 pm, which may have enhanced average blink rates somewhat. Importantly, however, since eyeblinks were recorded in all participants at the same time of day, we do not expect that this effect is the underlying cause of the observed differences in eyeblink patterns between LTM and MNP.
In conclusion, we observed consistent differences in sEBR and IEBI between LTM and MNP, but no effects of an 8-week MBSR training. We speculate that these findings reflect that striatal dopaminergic activity is altered by long-term but not short-term meditation practice, but this should be confirmed by future studies. Moreover, the two types of meditation practiced during one full day of meditation did not differently affect eyeblink activity, suggesting a stable change in baseline (i.e., a trait effect). Our findings also indicate the potential usefulness of eyeblink activity for examining the neurochemical mechanisms underlying meditationinduced changes in cognitive functioning.
